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C O M P L I A N C E  
w i t h  
F o r e s t r y  B e s t  M a n a g e m e n t  P r a c t i c e s  
~~~~~~ o n  H a r v e s t e d  S i t e s  i n  S o u t h  C a r o l i n a  
• • • • • • • • • • • • • • • • • • • • • •  
I N T R O D U C T I O N  
I n  S o u t h  C a r o l i n a ,  s i l v i c u l -
t u r a l  g u i d e l i n e s  w e r e  f i r s t  p u b -
l i s h e d  i n  1 9 7 6  b y  t h e  S o u t h  C a r o -
l i n a  F o r e s t r y  A s s o c i a t i o n .  B e s t  
M a n a g e m e n t  P r a c t i c e s  f o r  S o u t h  
C a r o l i n a ' s  F o r e s t  W e t l a n d s  w a s  
p u b l i s h e d  b y  t h e  S o u t h  C a r o l i n a  
F o r e s t r y  C o m m i s s i o n  ( S C F C )  i n  
1 9 8 9 .  T h e  f i r s t  a t t e m p t  a t  m o n i t o r -
i n g  B e s t  M a n a g e m e n t  P r a c t i c e s  
( B M P )  c o m p l i a n c e  i n  S o u t h  C a r o -
l i n a  w a s  c o m p l e t e d  i n  1 9 9 0 .  A t  
t h a t  t i m e ,  o v e r a l l  B M P  c o m p l i a n c e  
f o r  t h e  s t a t e  w a s  8 4 % .  T h e  c u r r e n t  
s t u d y  w a s  d e s i g n e d  t o  b u i l d  u p o n  
t h i s  i n i t i a l  m o n i t o r i n g  e f f o r t  b y  
H o o k  e t  a l .  *  t o  d e t e r m i n e  t h e  l e v e l  
o f  c o m p l i a n c e  w i t h  B M P s  a s  w e l l  
a s  t h e  m a j o r  f a c t o r s  w h i c h  a f f e c t  
B M P  c o m p l i a n c e  f o r  t i m b e r  h a r -
v e s t i n g  o p e r a t i o n s  i n  S o u t h  C a r o -
l i n a .  
• • • • • • • • • • • • • • • • • • • • • •  
S T U D Y  M E T H O D S  
' S i t e  L o c a t i o n '  
O n e  h u n d r e d  s e v e n t y - s e v e n  
h a r v e s t e d  s i t e s  w e r e  l o c a t e d  i n  
S o u t h  C a r o l i n a  f o r  e v a l u a t i o n  o f  
B M P  c o m p l i a n c e .  T h e  n u m b e r  o f  
s i t e s  s e l e c t e d  w a s  b a s e d  o n  t h e  
s a m p l e  s i z e  n e e d e d  f o r  s t a t i s t i c a l  
a n a l y s i s .  B M P  c o m p l i a n c e  c h e c k s  
w e r e  m a d e  o n  h a r v e s t e d  s i t e s  t h a t  
w e r e  n o  o l d e r  t h a n  o n e  y e a r  o l d .  
M o s t  o f  t h e  s i t e s  w e r e  l o g g e d  
b e t w e e n  m i d - 1 9 9 0  a n d  m i d - 1 9 9 1 ,  
a n d  t h e y  w e r e  i n s p e c t e d  d u r i n g  
t h e  s p r i n g  a n d  s u m m e r  o f  1 9 9 1 .  
A l s o ,  h a r v e s t e d  s i t e s  h a d  t o  b e  a  
m i n i m u m  o f  1 0  a c r e s .  N o  s i t e  w a s  
s a m p l e d  t h a t  h a d  b e e n  s i t e  p r e -
p a r e d .  H a r v e s t e d  s i t e s  w e r e  n o t  
r e q u i r e d  t o  b e  a s s o c i a t e d  w i t h  
s t r e a m s  o r  w e t l a n d  a r e a s  a s  w a s  
t h e  c a s e  i n  p r e v i o u s  m o n i t o r i n g .  
S e l e c t e d  s i t e s  w e r e  d i s t r i b -
u t e d  t h r o u g h o u t  S o u t h  C a r o l i n a  i n  
p r o p o r t i o n  t o  t h e  v o l u m e  o f  t i m b e r  
h a r v e s t e d .  T h e  a v e r a g e  v o l u m e  o f  
t i m b e r  h a r v e s t e d  i n  i n d i v i d u a l  
c o u n t i e s  w a s  c a l c u l a t e d  o v e r  a  
t h r e e - y e a r - p e r i o d  f r o m  1 9 8 6  
t h r o u g h  1 9 8 8  t o  e l i m i n a t e  a n n u a l  
v a r i a b i l i t y .  H a r v e s t  v o l u m e s  c a m e  
f r o m  u n p u b l i s h e d  a n n u a l  t i m b e r  
h a r v e s t  d a t a  c o l l e c t e d  b y  t h e  U . S .  
F o r e s t  S e r v i c e .  T h e  n u m b e r  o f  
s i t e s  s a m p l e d  w i t h i n  a n y  p a r t i c u -
l a r  c o u n t y  w a s  i n  p r o p o r t i o n  t o  t h e  
p e r  c e n t  o f  t h a t  c o u n t y ' s  h a r v e s t  i n  
r e l a t i o n  t o  t h e  e n t i r e  s t a t e .  T h e  
n u m b e r  o f  s i t e s  l o c a t e d  w i t h i n  
i n d i v i d u a l  c o u n t i e s  r a n g e d  f r o m  
o n e  t o  e i g h t  s i t e s .  S i t e s  w e r e  
* H o o k ,  D .  D . ,  W .  M c K e e ,  T .  W i l l i a m s ,  B .  B a k e r ,  L .  L u n d q u i s t ,  R .  M a r t i n ,  a n d  J .  M i l l s .  1 9 9 1 .  A  s u r v e y  o f  v o l u n t a r y  c o m p l i a n c e  o f  f o r e s t r y  b e s t  m a n a g e m e n t  p r a c t i c e s .  S o u t h  
C a r o l i n a  F o r e s t r y  c O m m i s s i o n .  C o l u m b i a ,  S o u t h  C a r o l i n a .  2 3 p .  
identified by SCFC foresters from 
fixed-wing aircraft and recent 
satellite imagery or aerial photo-
graphy. 
'Landowner Questionnaire' 
SCFC foresters contacted all 
landowners whose sites were 
selected for BMP compliance 
checks. 
Four categories of landowners were recog-
nized for the purpose of this study: (1) non-
industrial private landowners who own less 
than 1,000 acres of forest land, (2) non-
industrial private landowners who own more 
than 1,000 acres of forest land, (3) public 
lands (both state and federal), and ( 4) indus-
trial lands. 
Prior to site inspection, 
landowners were questioned 
concerning their familiarity with 
BMPs, their use of a professional 
forester, their use of a written sales 
contract, and whether compliance 
with BMPs had been required of 
the harvesting contractor. 
'BMP Compliance Inspection' 
Site inspections were made 
during the spring and summer of 
1991. The evaluations were per-
formed by a three-person team of 
SCFC foresters consisting of the 
forest hydrologist, assistant district 
forester, and the local project 
forester. The inspection covered 
compliance with BMPs in each of 
five categories: (1) road systems, 
(2) road stream crossings, 
(3) streamside management zones, 
(4) harvesting operations, and (5) 
log decks. Each major category 
was evaluated on a pass/fail basis 
depending on the responses to a 
series of yes I no questions within 
each category. Also, the overall 
compliance rating for each harvest 
operation was categorized as 
either excellent, adequate, or 
inadequate depending on the level 
of environmental disturbance. The 
overall compliance rating, though 
subjective, was based on compli-
ance with specific BMPs as noted 
throughout the evaluation. When 
s i t e s  w e r e  r a t e d  a s  i n a d e q u a t e ,  t h e  
m a j o r  p r o b l e m s  o n  t h a t  s i t e  w e r e  
i d e n t i f i e d .  
' S t a t i s t i c a l  A n a l y s i s '  
C o m p l i a n c e  v a l u e s  w e r e  
c o m p u t e d  f o r  e a c h  o f  t h e  f i v e  m a i n  
B M P  c a t e g o r i e s  a s  w e l l  a s  f o r  
o v e r a l l  B M P  c o m p l i a n c e .  A  9 5 %  
c o n f i d e n c e  i n t e r v a l  w a s  c a l c u l a t e d  
f o r  e a c h  c o m p l i a n c e  v a l u e .  P r o b -
l e m s  w h i c h  c o n t r i b u t e d  t o  n o n -
c o m p l i a n c e  w e r e  i d e n t i f i e d  f o r  
e a c h  o f  t h e  m a j o r  B M P  c a t e g o r i e s  
a n d  o v e r a l l  B M P  c o m p l i a n c e .  
N i n e t e e n  v a r i a b l e s ,  i n c l u d -
i n g  s i t e  c h a r a c t e r i s t i c s  a n d  m a n -
a g e m e n t  d e c i s i o n s ,  w e r e  i d e n t i f i e d  
w h i c h  c o u l d  h a v e  p o s s i b l y  a f f e c t e d  
t h e  l e v e l  o f  B M P  c o m p l i a n c e .  A l l  
o f  t h e s e  v a r i a b l e s  w e r e  e v a l u a t e d  
t h r o u g h  l a n d o w n e r  i n t e r v i e w s  o r  
b y  o n - s i t e  i n s p e c t i o n  o f  t h e  h a r -
v e s t i n g  o p e r a t i o n s .  S t a t i s t i c a l  
a n a l y s i s  w a s  p e r f o r m e d  o n  e a c h  o f  
t h e s e  v a r i a b l e s ,  i n d i v i d u a l l y  a n d  i n  
c o m b i n a t i o n ,  t o  d e t e r m i n e  t h e  
s i g n i f i c a n c e  o f  t h e i r  r e l a t i o n s h i p  
w i t h  B M P  c o m p l i a n c e .  
1 7 7  h a r v e s t e d  s i t e s  w e r e  e v a l u a t e d  f o r  B M P  c o m p l i a n c e .  
5  
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MONITORING 
RESULTS 
BMP compliance checks 
were completed on 177 harvested 
sites between April 9, 1991 and 
July 24, 1991. Compliance with 
each of the five major BMP catego-
ries and overall BMP compliance is 
summarized below. 
'Road Systems' 
Compliance with road 
construction and maintenance 
BMPs was high when considering 
road stream crossings separately. 
Statewide, 137 out of the 177 sites 
that were evaluated involved 
roadwork. 
The use of water diversion structures and seeding 
with grass created stable conditions on this road. 
Of these 137 sites, 126 (92%) sites 
had adequate BMP compliance 
and only 11 (8%) sites rated inad-
equate. 
Inadequate ratings were due 
to the lack of adequate water 
diversion structures, inappropriate 
road slope, and emptying of road 
ditches into streams. In fact, all 11 
sites with inadequate ratings had 
road ditches which emptied di-
rectly into streams. Both adequate 
and inadequate sites had low 
compliance with road stabilization 
BMPs. Road layout and filter strip 
width contributed to the low 
ratings for inadequate sites but 
were not the major problems. 
Severe erosion on this forest road could have 
been prevented with water diversion structures. 
' R o a d  S t r e a m  C r o s s i n g s '  
C o m p l i a n c e  w i t h  r o a d  
s t r e a m  c r o s s i n g  B M P s  w a s  t h e  
l o w e s t  o f  a l l  t h e  m a j o r  B M P  c a t -
e g o r i e s .  H o w e v e r ,  o f  t h e  1 7 7  s i t e s  
i n s p e c t e d ,  o n l y  1 2  s i t e s  i n v o l v e d  
r o a d  s t r e a m  c r o s s i n g s .  O f  t h e s e  1 2  
s i t e s ,  f i v e  w e r e  c o n s t r u c t e d  a n d  
m a i n t a i n e d  a c c o r d i n g  t o  B M P s  f o r  
a  4 1 . 7 %  c o m p l i a n c e  r a t i n g .  O n l y  
r o a d s  t h a t  c r o s s e d  p e r e n n i a l  
s t r e a m s  w e r e  e v a l u a t e d  i n  t h i s  
s t u d y .  
S i t e s  w i t h  a d e q u a t e  r a t i n g s  
w e r e  a l l  e i t h e r  b r i d g e d  o r  
c u l v e r t e d  c r o s s i n g s ,  w h e r e a s  s i t e s  
w i t h  i n a d e q u a t e  r a t i n g s  w e r e  
p r e d o m i n a t e l y  c u l v e r t e d  c r o s s i n g s  
w i t h  s o m e  f o r d  a n d  d e b r i s  f i l l  
c r o s s i n g s .  M o s t  c r o s s i n g s  t h a t  
w e r e  i n s p e c t e d  c o u l d  n o t  h a v e  
b e e n  a v o i d e d .  W h e r e  c r o s s i n g s  
r e c e i v e d  i n a d e q u a t e  r a t i n g s ,  
c u l v e r t e d  c r o s s i n g s  w e r e  g e n e r a l l y  
u n d e r s i z e d  o r  i m p r o p e r l y  i n -
s t a l l e d ,  a n d  f i l l  m a t e r i a l  w a s  n o t  
s t a b i l i z e d .  T h e  i m p a c t  o f  p o o r l y  
d e s i g n e d  c r o s s i n g s  w a s  g e n e r a l l y  
v i s i b l e  d o w n s t r e a m .  
4 } J j  o~% 
a c c e p t a b l e  
T h i s  c u l v e r t e d  c r o s s i n g  w a s  d e s i g n e d  t o  c a r r y  
2 5 - y e a r - s t o r m  f l o w s .  
I n s t a l l a t i o n  o f  a  p r o p e r l y  s i z e d  c u l v e r t  w o u l d  h a v e  p r e v e n t e d  
t h i s  c r o s s i n g  f r o m  w a s h i n g  o u t .  
SMZs were often extended to the top of the natural bluff, 
exceeding minimum width recommendations. 
acceptable 
'Streamside Management 
Zones' 
Compliance with stream-
side management zone (SMZ) 
BMPs was the second lowest of all 
major BMP categories. 
Of the 177 sites inspected, 58 
sites had perennial streams which 
required SMZs. Forty-two of the 
sites were rated adequate (72.4%) 
and 16 sites were rated inadequate 
(27.6%). SMZs were not evaluated 
for intermittent or ephemeral 
streams in this study. 
Disregard for stream protection on this site resulted in 
off~site water quality impacts. 
Sites with adequate SMZ 
ratings occurred only on low and 
moderate slopes. All sites with 
steep slopes (>20%) received 
adequate SMZ ratings. Inadequate 
SMZs were generally due to the 
total absence of SMZs rather than 
SMZs being narrower than recom-
mended. In evaluating SMZs, the 
team did not find an SMZ inad-
equate if it was only slightly nar-
rower than the recommended 
width. However, the loss of ripar-
ian canopy cover, the movement of 
vehicles in the SMZ, and the move-
ment of sediment across the SMZ 
all contributed to inadequate 
ratings. 
' H a r v e s t i n g  O p e r a t i o n s '  
T h e  h a r v e s t i n g  o p e r a t i o n  
w a s  e v a l u a t e d  o n  a l l 1 7 7  s i t e s  w i t h  
1 5 9  r e c e i v i n g  a d e q u a t e  r a t i n g s  
( 8 9 . 8 % ) .  P r a c t i c e s  e v a l u a t e d  i n -
c l u d e d :  ( 1 )  t h e  l a y o u t  o f  t h e  s k i d  
t r a i l s ,  ( 2 )  d r a i n a g e  c r o s s i n g s ,  ( 3 )  
s o i l  m o i s t u r e  c o n d i t i o n s  d u r i n g  
l o g g i n g ,  ( 4 )  d e g r e e  o f  r u t t i n g ,  a n d  
( 5 )  o v e r a l l  s i t e  i m p a c t .  S i t e s  i m -
p a c t e d  b y  s k i d d i n g  e q u i p m e n t  
w e r e  a l s o  e v a l u a t e d  b y  e s t i m a t i n g  
t h e  p e r  c e n t  o f  e x p o s e d  m i n e r a l  
s o i l .  R u t s  w e r e  c o n s i d e r e d  t o  b e  
e x c e s s i v e  i f  t h e y  w e r e  g r e a t e r  t h a n  
1 0  .i n c h e s  d e e p .  
S k i d d i n g  i m p a c t  o n  s i t e s  
w i t h  a d e q u a t e  h a r v e s t  r a t i n g s  w a s  
e v e n l y  s p l i t  b e t w e e n  l o w  ( < 1 0 % )  
a n d  m o d e r a t e  ( 1 0 - 2 0 % )  l e v e l s  o f  
a r e a  i m p a c t e d .  I n  c o n t r a s t ,  h i g h  
s i t e  i m p a c t  ( > 2 0 % )  p r e d o m i n a t e d  
f j r y } o f j %  
o n  s i t e s  w i t h  i n a d e q u a t e  r a t i n g s .  a c c e p t a b l e  
T h i s  a p p e a r e d  t o  b e  c a u s e d  b y  a  
c o m b i n a t i o n  o f  l o g g i n g  d u r i n g  w e t  
s o i l  c o n d i t i o n s  ( a s  e v i d e n c e d  b y  
d e e p  r u t t i n g ) ,  u s i n g  i n a p p r o p r i a t e  
e q u i p m e n t  f o r  s i t e  c o n d i t i o n s ,  a n d  
p o o r  s k i d  t r a i l  d e s i g n .  T h e  d e g r e e  
o f  d e e p  r u t t i n g  w a s  u n a c c e p t a b l e  
o n  8 8 . 9 %  o f  t h e  s i t e s  w i t h  i n a d -
e q u a t e  h a r v e s t i n g  c o m p l i a n c e .  
S k i d  t r a i l  c r o s s i n g s  o n  a l l  
t y p e s  o f  d r a i n a g e  f e a t u r e s  w e r e  
e v a l u a t e d  i n c l u d i n g  p e r e n n i a l ,  
i n t e r m i t t e n t ,  a n d  e p h e m e r a l  
s t r e a m s  a s  w e l l  a s  d i t c h e s  o r  c a -
n a l s .  T h e  l i k e l i h o o d  o f  f i n d i n g  a  
s k i d  t r a i l  c r o s s i n g  f o r  e a c h  d r a i n -
a g e  f e a t u r e  w a s  g r e a t e r  f o r  i n a d -
e q u a t e  s i t e s .  T h e  m o s t  c o m m o n  
t y p e  o f  s k i d  t r a i l  c r o s s i n g  o n  a l l  
s i t e s  w a s  f o r d s .  A l s o ,  t h e  u s e  o f  
T h i s  s k i d  t r a i l  h a d  b e e n  w a t e r - b a r r e d  a n d  r e c e n t l y  P o o r  s k i d  t r a i l  l o c a t i o n  a n d  a  l a c k  o f  w a t e r  b a r s  
" ' d ' d  w U h  g m H .  m a l t e d  I n  e w d e d  u d l m e n t  c e a c h l n g  t h '  " " a m .  -~ 
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acceptable 
soil fill was noticeably higher on 
inadequate sites. 
'Log Decks' 
Compliance with log deck 
BMPs was high with 97.7% of all 
sites rated adequate. Only four 
sites, out of 177 sites inspected, 
were rated inadequate. Failed log 
decks were due to location either 
within primary streamside man-
agement zones and/ or within an 
unstable wetland area when an 
upland site was available. 
Overall BMP 
Compliance 
Overall BMP compliance for 
South Carolina's monitoring pro-
gram was 84.7%. Of 177 sites 
inspected, 54 sites rated excellent, 
96 sites rated adequate, and 27 
sites rated inadequate. Sites with 
inadequate compliance were 
evenly distributed across the state 
with the exception of a 1 0-county 
area centered around Florence 
where compliance was higher than 
average. The major problems that 
were identified were logging 
Oil spills and garbage at the log decks w_ere rated as .minimal 
on 86.7% of adequate sites and 50% of madequate sztes. 
under wet soil conditions and 
inadequate SMZs. 
Sites with excellent overall 
BMP compliance scored well on all 
individual BMP categories. Ad-
equate sites scored well on all ~MP 
categories except stream crossmg 
BMPs which had 40% compliance. 
In contrast, inadequate sites scored 
low on all categories except for log 
deck BMPs. Road stream crossings 
appeared to be the most difficult 
BMP category with which to com-
ply. 
O f  1 7 7  s i t e s  i n s p e c t e d ,  5 4  s i t e s  r a t e d  e x c e l l e n t ,  9 6  s i t e s  r a t e d  a d e q u a t e ,  a n d  2 7  s i t e s  r a t e d  i n a d e q u a t e .  
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H  
C o m p l i a n c e  i s  s h o w n  f o r  t h e  5  m a j o r  B M P  c a t e g o r i e s  a n d  o v e r a l l  B M P  c o m p l i a n c e  a l o n g  w i t h  
9 5 %  c o n f i d e n c e  i n t e r v a l s .  
What Variables Affect BMP Compliance ? 
Q) 
0 
() 
Nineteen variables were analyzed to determine their effect on BMP 
compliance. 
• Presence of jurisdictional wetlands 
• Per cent of site impacted 
• Erosion hazard rating 
• Logged under wet soil conditions 
• Presence of perennial streams 
·Terrain type 
• Use of a professional forester 
• Required compliance with BMPs 
• Surface soil texture 
• Landowner category 
• Road construction/maintenance 
necessary 
• Presence of Hurricane Hugo impact 
·Soil drainage class 
• Familiarity of landowner/manager with BMPs 
·Land slope 
• Harvest size 
• Physiographic region 
• Upslope land use 
• Use of a sales contract 
Six of the 19 variables were found to be significantly related to BMP 
compliance. Three of these variables are site characteristics and three are 
management decisions. Several of these variables are interrelated. 
Jurisdictional Wetlands Site Impact 
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<1 0% 10%-20% >20% 
Per cent of site with e x posed mineral soil 
In general, BMP compliance fell for sites which 
were more than 60% jurisdictional wetland. 
Sites with a high per cent of the site impacted 
by skidding equipment also had significantly 
lower compliance with BMPs. 
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Of the remainder of the 19 variables which were analyzed, only the 
use of a professional forester was close to being statistically significant. 
Other factors such as landowner category and physiographic region clearly 
were not signficantly related to BMP compliance. 
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B e c a u s e  o f  r e l a t e d n e s s  
a m o n g  t h e  s i x  s i g n i f i c a n t  v a r i a b l e s ,  
t h e y  w e r e  r e f i n e d  t o  i n c l u d e  t h e  
f e w e s t  n u m b e r  o f  u n r e l a t e d  v a r i -
a b l e s  w h i c h  e x p l a i n e d  t h e  g r e a t e s t  
n u m b e r  o f  i n a d e q u a t e  s i t e s .  T h e  
v a r i a b l e  l o g g i n g  u n d e r  w e t  s o i l  
c o n d i t i o n s  p r o v e d  t o  b e  m o r e  
s e n s i t i v e  i n  d e t e r m i n i n g  B M P  
c o m p l i a n c e  t h a n  o t h e r  r e l a t e d  
v a r i a b l e s .  
T w o  v a r i a b l e s ,  p r e s e n c e  o f  
p e r e n n i a l  s t r e a m s  a n d  l o g g e d  
u n d e r  w e t  s o i l  c o n d i t i o n s  
e x p l a i n e d  2 6  o f  t h e  2 7  i n a d e q u a t e  
s i t e s .  T h e  s i n g l e  u n e x p l a i n e d  
i n a d e q u a t e  s i t e  h a d  a  f i r s t - o r d e r  
s t r e a m  w h i c h  w a s  i m p a c t e d  b y  
r o a d  a n d  s k i d  t r a i l  c o n s t r u c t i o n .  
T h e  t e a m  d e c i d e d  t o  c a l l  t h i s  a n  
i n t e r m i t t e n t  s t r e a m  r a t h e r  t h a n  a  
p e r e n n i a l  s t r e a m  b e c a u s e  o f  i t s  
s m a l l  w a t e r s h e d .  B y  a d d i n g  
p r e s e n c e  o f  i n t e r m i t t e n t  s t r e a m s  a s  
a  v a r i a b l e ,  a l l  i n a d e q u a t e  s i t e s  
w e r e  e x p l a i n e d .  O n  5 2  o f  t h e  1 7 7  
s i t e s  i n s p e c t e d  w h e r e  n o  c h a n -
n e l i z e d  s t r e a m  w a s  p r e s e n t  a n d  
t h e  t i m b e r  w a s  n o t  h a r v e s t e d  
u n d e r  w e t  s o i l  c o n d i t i o n s ,  
c o m p l i a n c e  w i t h  s i l v i c u l t u r a l  
B M P s  w a s  1 0 0 % .  O n  t h e  o t h e r  
h a n d ,  o n  1 2 5  o u t  o f  t h e  1 7 7  s i t e s  
i n s p e c t e d  t h a t  h a d  e i t h e r  p e r e n n i a l  
s t r e a m s ,  i n t e r m i t t e n t  s t r e a m s ,  o r  
l o g g i n g  u n d e r  w e t  s o i l  c o n d i t i o n s ,  
B M P  c o m p l i a n c e  w a s  o n l y  7 8 . 4 % .  
0  
C O M P L I A N C E  7 8 . 4 %  
1 1  S i t e s  w i t h  
< f J o  C h a n n e l i z e d  S t r e a m  a n d  
f L o g g e d  U n d e r  D R Y  S o i l  C o n d i t i o n s  
C O M P L I A N C E  
S i t e s  w i t h  
~hannelized S t r e a m s  O R  
( L o g g e d  U n d e r  W E T  S o i l  C o n d i t i o n s  
CONCLUSIONS 
During 1990 and 1991, silvicultural BMPs were implemented on 
84.7% of the harvesting operations in South Carolina. Of the five major 
BMP categories, compliance was highest for log deck and road BMPs, 
97.7% and 92.0%, respectively. Compliance was lowest for road stream 
crossings and SMZs, 41.7% and 72.4%, respectively. Compliance with 
harvesting BMPs was 89.8% with the major problems consisting of logging 
under wet soil conditions and skid trail crossings using soil as fill 
material. 
The lack of compliance with silvicultural BMPs was caused by a 
failure of all landowners to identify and adequately protect sensitive sites. 
Sites which were the most critical to BMP compliance were sites with 
perennial and intermittent streams present. The most critical management 
decision which affected BMP compliance was the timing of logging during 
periods of wet soil conditions. 
The voluntary non-point source pollution silvicultural program in 
South Carolina has been moderately successful in encouraging environ-
mental protection. Existing regulatory programs, through both federal 
and state water quality legislation, will further increase pressure on land-
owners and professional foresters to improve environmental protection 
during harvesting operations. 
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R E C O M M E N D A T I O N S  
B a s e d  u p o n  t h e  r e s u l t s  o f  t h i s  s t u d y ,  c o m p l i a n c e  w i t h  s i l v i c u l t u r a l  
B M P s  c a n  b e  i m p r o v e d  b y  r e d i r e c t i n g  t h e  N P S P  p r o g r a m  t o  e m p h a s i z e  
t h e  f o l l o w i n g  a c t i o n s .  
1  •  S i l v i c u l t u r a l  B M P  m a n u a l s  s h o u l d  b e  r e v i s e d  t o  c l e a r l y  i d e n t i f y  s p e c i f i c  
p r a c t i c e s  i n  o r d e r  t o  r e d u c e  t h e  s u b j e c t i v i t y  i n  B M P  i n t e r p r e t a t i o n .  
2  •  B M P  e d u c a t i o n  a n d  t r a i n i n g  p r o g r a m s  s h o u l d  i n c l u d e  a l l  l a n d o w n e r s  
r a t h e r  t h a n  c o n c e n t r a t i n g  o n  n o n - i n d u s t r i a l  p r i v a t e  f o r e s t  l a n d o w n e r s .  
S t u d y  r e s u l t s  c l e a r l y  i n d i c a t e d  t h a t  d i f f e r e n c e s  i n  B M P  c o m p l i a n c e  a m o n g  
l a n d o w n e r  c a t e g o r i e s  w e r e  i n s i g n i f i c a n t .  
3  •  B M P  e d u c a t i o n  a n d  t r a i n i n g  p r o g r a m s  s h o u l d  e m p h a s i z e  t h e  i d e n t i f i c a t i o n  
a n d  p r o t e c t i o n  o f  s e n s i t i v e  s i t e s .  I n  p a r t i c u l a r ,  s i t e s  w i t h  p e r e n n i a l  s t r e a m s ,  
i n t e r m i t t e n t  s t r e a m s ,  o r  j u r i s d i c t i o n a l  w e t l a n d s  s h o u l d  b e  i d e n t i f i e d  i n  t h e  
h a r v e s t  p l a n n i n g  p r o c e s s  a n d  t h e s e  s i t e s  s h o u l d  b e  p r o t e c t e d  w i t h  a p p l i c a b l e  
B M P s .  I n c l u s i o n  o f  w e t  w e a t h e r  l o g g i n g  r e s t r i c t i o n s  i n  a  t i m b e r  s a l e  c o n -
t r a c t  i s  i m p o r t a n t  i n  a v o i d i n g  b o t h  o n - s i t e  a n d  o f f - s i t e  i m p a c t s .  
4  •  S t a t e  f o r e s t r y  a g e n c i e s  s h o u l d  o f f e r  p r e - h a r v e s t i n g  s i t e  i n s p e c t i o n s  a s  a  
s e r v i c e  t o  a l l  l a n d o w n e r s  i n  a n  e f f o r t  t o  p r e v e n t  e n v i r o n m e n t a l  i m p a c t s .  
C r i t i c a l  B M P s  i n v o l v i n g  r o a d  d e s i g n ,  s t r e a m  p r o t e c t i o n ,  a n d  l o g  d e c k  
l o c a t i o n  c o u l d  b e  i n c l u d e d  i n  a  c o m p l i m e n t a r y  i n s p e c t i o n .  
SECTION 2 
EFFECTIVENESS MONITORING 
of 
~!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!~ Forestry Best Management Practices 
on Harvested Sites in South Carolina 
•••••••••••••••••••••• 
INTRODUCTION 
State silvicultural non-point 
source pollution (NPSP) programs 
have relied upon the use of Best 
Management Practices (BMPs). 
However, the credibility of NPSP 
programs depends on the effec-
tiveness of forestry BMPs in pro-
tecting water quality. State for-
estry agencies have depended 
upon indirect methods for demon-
strating BMP effectiveness such as 
qualitative surveys. Such surveys 
evaluate the use of BMPs and 
predict sediment production, but 
do not measure aquatic parameters 
directly. Therefore, the need exists 
for a proven monitoring system 
which can accurately determine 
BMP effectiveness over a wide 
range of site conditions. The goal 
of this study was to evaluate the 
use of biomonitoring as a measure 
of BMP effectiveness on harvested 
sites in South Carolina. 
Three BMP effectiveness 
techniques were evaluated: a 
BMP compliance inspection, a 
stream habitat assessment, and 
a benthic macroinvertebrate 
bioassessment. 
•••••••••••••••••••••• 
STUDY METHODS 
'Site Location' 
A BMP compliance 
inspection was completed on 177 
harvested sites that were chosen at 
random across South Carolina in 
1991. These sites were screened to 
identify sites with perennial 
streams. Fifty-seven sites were 
associated with perennial streams. 
These 57 sites were further 
screened to determine their 
suitability for stream habitat 
assessment and benthic 
macroinvertebrate biomonitoring. 
Many streams were eliminated 
from consideration because of 
excessive impacts from other land 
uses. Subsequently, 27 (15%) of 
the 177 sites were found to be 
suitable for research purposes. 
The 27 sites were selected to 
represent the full range of logging 
impacts including jobs with 
excellent to inadequate BMP 
compliance. Both black and red 
river streams were evaluated that 
ranged from first to fourth order. 
•  
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' B M P  C o m p l i a n c e  I n s p e c t i o n '  
S i t e  i n s p e c t i o n s  w e r e  m a d e  
d u r i n g  t h e  s p r i n g  a n d  s u m m e r  o f  
1 9 9 1  b y  a  t h r e e - p e r s o n  t e a m  o f  
S o u t h  C a r o l i n a  F o r e s t r y  C o m m i s -
s i o n  ( S C F C )  f o r e s t e r s .  A  f o u r  p a g e  
e v a l u a t i o n  f o r m  w a s  c o m p l e t e d  f o r  
e a c h  s i t e .  A l o n g  w i t h  s i t e  c h a r a c -
t e r i s t i c  i n f o r m a t i o n ,  t h e  i n s p e c t i o n  
e v a l u a t e d  c o m p l i a n c e  w i t h  B M P s  
i n  e a c h  o f  f i v e  c a t e g o r i e s :  ( 1 )  r o a d  
s y s t e m s ,  ( 2 )  r o a d  s t r e a m  c r o s s i n g s ,  
( 3 )  s t r e a m s i d e  m a n a g e m e n t  z o n e s ,  
( 4 )  h a r v e s t i n g  o p e r a t i o n s ,  a n d  ( 5 )  
l o g  d e c k s .  E a c h  m a j o r  c a t e g o r y  
w a s  e v a l u a t e d  o n  a  p a s s / f a i l  b a s i s .  
A l s o ,  t h e  e n t i r e  h a r v e s t i n g  o p e r a -
t i o n  w a s  c a t e g o r i z e d  a s  e i t h e r  
e x c e l l e n t ,  a d e q u a t e ,  o r  i n a d e q u a t e  
b a s e d  o n  t h e  l e v e l  o f  e n v i r o n m e n -
t a l  d i s t u r b a n c e .  W h e n  s i t e s  w e r e  
r a t e d  a s  i n a d e q u a t e ,  t h e  m a j o r  
p r o b l e m s  o n  t h a t  s i t e  w e r e  l i s t e d .  
S t a t e w i d e  B M P  c o m p l i a n c e  c a n n o t  
b e  e x t r a p o l a t e d  f r o m  t h e  c o m p l i -
a n c e  o n  t h e s e  2 7  s i t e s  s i n c e  t h e s e  
s i t e s  w e r e  c h o s e n  i n  a  n o n - r a n d o m  
m a n n e r  i n  o r d e r  t o  s a m p l e  t h e  f u l l  
r a n g e  o f  l o g g i n g  i m p a c t s .  
'Stream Habitat Assessment' 
Stream width and depth were measured at each site. 
Stream habitat evaluations 
were completed over a five-week 
period in the fall of 1991. A stream 
habitat assessment form was 
completed for each site both above 
and below the logging job where 
possible. When a reference site 
was not available above the log-
ging operation, a nearby reference 
site was located on a neighboring 
stream of comparable size. 
The stream habitat assess-
ment generally followed EPA's 
Rapid Bioassessment Protocols 
(RBPs).* Seven parameters were 
evaluated that affected the quality 
and quantity of benthic 
macroinvertebrate habitat: (1) 
available macroinvertebrate habi-
tat, (2) cobble embeddedness, (3) 
logging slash within the stream, (4) 
pool/riffle or run/bend ratio, (5) 
canopy cover, (6) dominant 
streamside cover, and (7) bank 
vegetative stability. Parameters 
were evaluated and scored for the 
downstream and reference sta-
tions, with higher scores reflecting 
better biological habitat. The 
impact of logging on stream habi-
tat was determined by dividing the 
total habitat assessment score of 
the downstream station by the 
reference station's total score. The 
stream habitat below the logging 
operation was expressed as a per 
cent of the reference condition. 
RBPs allowed for discernment of 
four levels of habitat degradation. 
Parameters were ranked based on 
their cumulative change in score 
from reference to downstream 
conditions for all 27 sites. 
The stream habitat assess-
ment was compared to the BMP 
compliance inspection for agree-
ment. BMP compliance values 
were calculated for each level of 
stream habitat impact. Also, chi-
square analysis was used to test for 
significant differences between 
*Piafkin , E.T .• M.T. Barbour, K.D. Porter, S.K. Gross. and R.M. Hughes. 1989 Ra id b' . · · · · U.S. EPA, Office of Water, EPA/444/4-89-00 1/ Washington , D.C. . p !oassessmcnt protocols for use m streams and n vcrs: benthiC macromvertebrates and fish. 
t h e s e  t w o  t y p e s  o f  i m p a c t  a s s e s s -
m e n t .  I n  a d d i t i o n ,  t h e  B M P  c o m -
p l i a n c e  r a t i n g s  w e r e  u s e d  t o  r e d e -
f i n e  E P A ' s  c r i t e r i a  f o r  s t r e a m  
h a b i t a t  a s s e s s m e n t .  T h e  R B P ' s  
f o u r  l e v e l s  o f  i m p a c t  w e r e  c o n s o l i -
d a t e d  i n t o  t w o  c a t e g o r i e s ,  i m -
p a c t e d  a n d  u n i m p a c t e d  t o  i n c r e a s e  
t h e  a c c u r a c y  o f  s t a t i s t i c a l  t e s t s .  
B M P  c o m p l i a n c e  v a l u e s  w e r e  
c a l c u l a t e d  f o r  t h e s e  n e w  i m p a c t  
c r i t e r i a ,  a n d  c h i - s q u a r e  a n a l y s e s  
w e r e  c o m p l e t e d  t o  t e s t  f o r  s i g n i f i -
c a n t  d i f f e r e n c e s  b e t w e e n  s t r e a m  
h a b i t a t  a s s e s s m e n t s  a n d  B M P  
c o m p l i a n c e  c h e c k  a s s e s s m e n t s .  
' B e n t h i c  M a c r o i n v e r t e b r a t e  
B i o m o n i t o r i n g '  
F i e l d  c o l l e c t i o n  p r o c e d u r e s ,  
l a b o r a t o r y  i n s e c t  i d e n t i f i c a t i o n ,  
a n d  d a t a  i n t e r p r e t a t i o n s  w e r e  
p a t t e r n e d  a f t e r  R B P  I I I .  B e n t h i c  
m a c r o i n v e r t e b r a t e  s a m p l e s  w e r e  
c o l l e c t e d  b o t h  a b o v e  a n d  b e l o w  
e a c h  o f  t h e  2 7  h a r v e s t i n g  o p e r a -
t i o n s  w h e n  p o s s i b l e .  T h e  p r e f e r r e d  
r e f e r e n c e  s i t e  w a s  l o c a t e d  u p -
s t r e a m  f r o m  t h e  l o g g i n g  o p e r a t i o n .  
I f  t h e  a r e a  a b o v e  t h e  s i t e  h a d  b e e n  
i m p a c t e d  b y  o t h e r  a c t i v i t i e s ,  t h e n  a  
n e a r b y  u n i m p a c t e d  s t r e a m  w a s  
s e l e c t e d  a s  a  r e f e r e n c e .  T h i s  w a s  
n e c e s s a r y  o n  o n l y  s e v e n  ( 2 6 % )  o f  
t h e  2 7  s i t e s .  M u l t i p l e  n e a r b y  
r e f e r e n c e  s t r e a m s  w e r e  u s e d  w h e n  
p o s s i b l e .  M a c r o i n v e r t e b r a t e  h a b i -
t a t s  w e r e  s a m p l e d  i n  p r o p o r t i o n  t o  
t h e i r  a b u n d a n c e .  R e f e r e n c e  s t r e a m  
s e g m e n t s  a s  n e a r  i n  c h a r a c t e r  a s  
p o s s i b l e  t o  t h e  d o w n s t r e a m  
s a m p l e  a r e a  w e r e  c h o s e n .  
B e n t h i c  m a c r o i n v e r t e b r a t e  
s a m p l i n g  w a s  c o m p l e t e d  i n  t h e  f a l l  
o f  1 9 9 1 .  S a m p l i n g  w a s  c o n f i n e d  t o  
o n e  m a n - h o u r  t i m e  p e r i o d s  t o  
M a c r o i n v e r t e b r a t e  h a b i t a t s  w e r e  s a m p l e d  i n  p r o p o r t i o n  
t o  t h e i r  a b u n d a n c e .  
a l l o w  f o r  c o m p a r i s o n s  b e t w e e n  
s i t e s .  I n s e c t s  w e r e  p i c k e d  i n  p r o -
p o r t i o n  t o  t h e i r  a b u n d a n c e  a n d  
combined into a composite sample 
for laboratory identification. In-
sect identification was "blind" 
since the entomologist was not 
aware of the sampled site's loca-
tion. All insects were identified to 
the lowest taxonomic level pos-
sible. 
Benthic macroinvertebrate 
bioassessments were based on the 
metrics listed for RBP III. Each 
metric was designed to analyze a 
unique component of the insect 
community. All RBP III metrics 
were used with the following 
exceptions: the Hilsenhoff Biotic 
Index was replaced with an un-
published regional biotic index 
developed by the North Carolina 
Department of Environmental 
Management, and the ratio of EPT 
and Chironomid abundances was 
not calculated since chironomids 
were not collected. The RBP III 
metrics used were (1) taxa rich-
ness, (2) biotic index, (3) ratio of 
scrapers to filtering collectors, (4) 
the per cent contribution of the 
dominant taxon, (5) the EPT index, 
(6) the community loss index, and 
(7) the ratio of shredders to other 
functional feeding groups. A 
biological condition score, ranging 
from zero to six points, was as-
signed based on the value of each 
metric. Scores were totaled and 
divided by the maximum possible 
score, usually 42 points, to deter-
mine the overall bioassessment for 
the site. RBP III allows for four 
levels of impact assessment. The 
metrics were ranked based on the 
cumulative changes in scores from 
reference to downstream condi-
tions for all 27 sites. 
The benthic macro-
invertebrate assessment was 
compared to the BMP compliance 
check for agreement. BMP 
compliance was calculated for each 
level of benthic macroinvertebrate 
assessment impact. Also, chi-
square analysis was used to test for 
signficant differences between 
these two types of impact 
assessments. In addition, the BMP 
compliance ratings were used to 
redefine EPA's criteria for 
assessing benthic 
macroinvertebrate impact. RBP 
III's four levels of impact were 
consolidated into two categories, 
impacted and unimpacted, 
primarily for the purpose of 
increasing the accuracy of 
statistical tests. BMP compliance 
was calculated for these new 
impact criteria, and chi-square 
a n a l y s i s  w a s  c o m p l e t e d  t o  t e s t  f o r  
s i g n i f i c a n t  d i f f e r e n c e s  i n  b e n t h i c  
m a c r o i n v e r t e b r a t e  a s s e s s m e n t s  
a n d  B M P  c o m p l i a n c e  i n s p e c t i o n  
a s s e s s m e n t s .  
' W e i g h t - o f - t h e - E v i d e n c e  
A p p r o a c h '  
T h e  e f f e c t i v e n e s s  o f  B M P s  
i n  p r o t e c t i n g  w a t e r  q u a l i t y  o f  
s t r e a m s  a s s o c i a t e d  w i t h  l o g g i n g  
o p e r a t i o n s  w a s  e v a l u a t e d  w i t h  a  
w e i g h t - o f - t h e - e v i d e n c e  a p p r o a c h .  
T h e  B M P  c o m p l i a n c e  c h e c k  s e r v e d  
a s  a n  i n d i r e c t  m e a s u r e  o f  e f f e c t i v e -
n e s s ,  w h i l e  t h e  s t r e a m  h a b i t a t  
a s s e s s m e n t  a n d  t h e  b e n t h i c  
m a c r o i n v e r t e b r a t e  b i o a s s e s s m e n t  
s e r v e d  a s  d i r e c t  m e a s u r e s  o f  e f f e c -
t i v e n e s s .  A n  o v e r a l l  " v e r d i c t "  w a s  
d e t e r m i n e d  f o r  e a c h  s i t e  b a s e d  o n  
t h e  w e i g h t  o f  a l l  a v a i l a b l e  e v i -
d e n c e .  T h e  v e r d i c t  a n d  e a c h  e f f e c -
t i v e n e s s  t e c h n i q u e  w e r e  e v a l u a t e d  
o n  a  p a s s  o r  f a i l  b a s i s .  S i t e s  w e r e  
r e v i s i t e d  a n d  r e - e v a l u a t e d  w h e n  
d i f f i c u l t y  e x i s t e d  i n  a r r i v i n g  a t  a n  
o v e r a l l  v e r d i c t .  T h e  a c c u r a c y  o f  
e a c h  t e c h n i q u e  w a s  c a l c u l a t e d  b y  
d i v i d i n g  t h e  n u m b e r  o f  a g r e e -
m e n t s  w i t h  t h e  v e r d i c t  b y  t h e  t o t a l  
n u m b e r  o f  s a m p l e d  s i t e s .  
STUDY RESULTS 
'Site Description' 
Twenty-seven harvested 
sites with perennial streams were 
sampled during October and 
November of 1991. They were 
located in all five physiographic 
regions of South Carolina: Blue 
Ridge Mountains (1), Southern 
Piedmont (17), Carolina Sandhills 
(4), Southern Coastal Plain (1), and 
Atlantic Coast Flatwoods (4). Sites 
were distributed evenly across the 
state except for the northern 
reaches of the Southern Coastal 
Plain and the Atlantic Coast 
Flatwoods where there was a lack 
of sites with associated streams. 
Nineteen red river streams 
originating in the Blue Ridge 
Mountains or Southern Piedmont 
I 
I 
were monitored. These streams 
ranged in size from a small stream 
two feet in width with two-inch-
deep runs, to the 25-foot-wide 
Shaw's Creek in Aiken County 
with three-foot-deep runs and 
four-foot-deep pools. Eight black 
.. 
I 
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r i v e r  s t r e a m s ,  o r i g i n a t i n g  i n  t h e  
C o a s t a l  P l a i n ,  w e r e  m o n i t o r e d .  
T h e s e  s t r e a m s  r a n g e d  i n  s i z e  f r o m  
a  s m a l l  t w o - f o o t - w i d e  f i r s t - o r d e r  
s t r e a m  w i t h  t h r e e - i n c h - d e e p  r u n s  
t o  t h e  2 5 - f o o t - w i d e  L i t t l e  
S a l k a h a t c h i e  R i v e r  i n  B a m b e r g  
C o u n t y  w i t h  f o u r - f o o t - d e e p  r u n s .  
A l l  s t r e a m s  w e r e  s a m p l e d  d u r i n g  
b a s e f l o w  c o n d i t i o n s .  
' B M P  C o m p l i a n c e  I n s p e c t i o n '  
R a t i n g s  f o r  t h e  2 7  m o n i -
t o r e d  l o g g i n g  o p e r a t i o n s  r a n g e d  
f r o m  e x c e l l e n t  t o  i n a d e q u a t e  f o r  
o v e r a l l  B M P  c o m p l i a n c e .  B M P  
c o m p l i a n c e  w a s  e x c e l l e n t  o n  1 1  
s i t e s  a n d  a d e q u a t e  o n  6  s i t e s  f o r  a  
t o t a l  o f  1 7  ( 6 3 % )  a c c e p t a b l e  h a r -
v e s t i n g  o p e r a t i o n s .  C o m p l i a n c e  
w a s  i n a d e q u a t e  o n  1 0  ( 3 7 % )  o f  t h e  
2 7  s i t e s .  S t a t e w i d e  B M P  c o m p l i -
a n c e  f o r  t h e  1 7 7  h a r v e s t e d  s i t e s  
w a s  8 4 . 7 % .  O f  t h e  1 7 7  s i t e s  t h a t  
w e r e  i n s p e c t e d ,  5 4  s i t e s  r a t e d  
e x c e l l e n t ,  9 6  s i t e s  r a t e d  a d e q u a t e ,  
a n d  2 7  s i t e s  r a t e d  i n a d e q u a t e .  
B M P  c o m p l i a n c e  w a s  l o w e r  f o r  t h e  
2 7  s i t e s  t h a t  w e r e  u s e d  f o r  e f f e c -
t i v e n e s s  m o n i t o r i n g  b e c a u s e  t h e y  
w e r e  s e l e c t e d  i n  a  n o n - r a n d o m  
m a n n e r  s p e c i f i c a l l y  t o  s a m p l e  t h e  
f u l l  r a n g e  o f  l o g g i n g  i m p a c t s .  
E v a l u a t e d  i m p a c t s  r a n g e d  
f r o m  s i t e s  w i t h  n o  p r o b l e m s  t o  
s i t e s  w i t h  b o t h  o f f - s i t e  w a t e r  q u a l -
i t y  a n d  o n - s i t e  t i m b e r  p r o d u c t i v i t y  
i m p a c t s .  T h e  r a n g e  o f  i m p a c t s  w a s  
n o t i c e a b l e  i n  t h e  e v a l u a t i o n  o f  t h e  
i n d i v i d u a l  B M P  c a t e g o r i e s :  ( 1 )  
r o a d  s y s t e m s ,  ( 2 )  r o a d  s t r e a m  
c r o s s i n g s ,  ( 3 )  s t r e a m s i d e  m a n a g e -
m e n t  z o n e s ,  ( 4 )  h a r v e s t  o p e r a t i o n s ,  
a n d  ( 5 )  l o g  d e c k s .  T h e  1 1  s i t e s  
w i t h  e x c e l l e n t  o v e r a l l  B M P  c o m p l i -
a n c e  r e c e i v e d  a c c e p t a b l e  r a t i n g s  o n  
a l l  i n d i v i d u a l  B M P  c a t e g o r i e s .  T h e  
s i x  s i t e s  w h i c h  r e c e i v e d  a d e q u a t e  
o v e r a l l  B M P  c o m p l i a n c e  r a t i n g s  
w e r e  e i t h e r  r a t e d  a c c e p t a b l e  o n  a l l  
i n d i v i d u a l  B M P  c a t e g o r i e s  o r  o n  
a l l  b u t  o n e  c a t e g o r y .  I n  c o n t r a s t ,  
t h e  m a j o r i t y  o f  s i t e s  w i t h  i n a d -
e q u a t e  o v e r a l l  B M P  c o m p l i a n c e  
f a i l e d  t w o  o r  m o r e  o f  t h e  m a j o r  
B M P  c a t e g o r i e s .  S t r e a m s i d e  m a n -
a g e m e n t  z o n e  B M P s  w e r e  t h e  m o s t  
f r e q u e n t l y  v i o l a t e d  B M P s  o n  t h e s e  
2 7  s i t e s .  O t h e r  p r o b l e m s  o n  t h e  1 0  
i n a d e q u a t e  s i t e s  i n c l u d e d  t h e  
f o l l o w i n g :  ( 1 )  l o g g i n g  u n d e r  
e x c e s s i v e l y  w e t  s o i l  c o n d i t i o n s ,  
( 2 )  i m p r o p e r l y  d e s i g n e d  r o a d  a n d  
s k i d  t r a i l  c r o s s i n g s ,  ( 3 )  l a c k  o f  
w a t e r  d i v e r s i o n  s t r u c t u r e s  o n  
r o a d s ,  ( 4 )  e x c e s s i v e  r u t t i n g ,  a n d  
( 5 )  u s e  o f  i m p r o p e r  l o g g i n g  e q u i p -
m e n t  f o r  s i t e  c o n d i t i o n s .  
'·· 
'Stream Habitat Assessment' 
Using EPA's criteria, stream 
habitat ratings below the 27 moni-
tored logging operations ranged 
from "non-supporting" for benthic 
macroinvertebrates to conditions 
"comparable to reference." Thir-
teen (48%) of the 27 sites were 
basically unimpacted, scoring from 
89.4% to 130.2% of the reference 
sites' scores. Five (19%) of the 27 
sites were rated as "supporting" 
conditions for benthic 
macroinvertebrates, scoring from 
76.4% to 86.5% of reference sites' 
scores. An additional five sites 
were "partially supporting" scor-
ing from 60.3% to 70.0% of refer-
ence site conditions. The final four 
sites were rated as "non-support-
ing" scoring from 51.7% to 59.1 % 
of reference site conditions. 
Twenty (74%) of the 27 sites had 
upstream reference sites, while 
seven sites required regional 
references. 
For those sites where BMP 
compliance was inadequate, 
stream habitat was impacted 
negatively by the introduction of 
excessive amounts of both large 
woody debris and sediment. Of 
the seven metrics used to deter-
mine impact level on stream habi-
tat, the introduction of large 
woody debris accounted for the 
greatest change in stream habitat 
from reference conditions. The 
increase in cobble embeddedness 
due to sediment and the loss of 
available macroinvertebrate habi-
tat and riparian canopy cover each 
accounted for substantial changes 
from reference conditions. The 
remaining metrics, i.e., pool/riffle 
ratio, dominant streamside cover 
type, and bank stability accounted 
for only minor changes in stream 
habitat. 
Downstream sites which 
scored well on the stream habitat 
assessment tended also to score 
well on the BMP compliance 
check. Downstream sites which 
were comparable to reference 
conditions had the highest per cent 
BMP compliance, 92.3%. Sites 
with severe stream habitat im-
pacts, scored as "non-supporting," 
averaged only 25.0% in BMP 
compliance. Chi-square analysis 
supported the relationship be-
tween the BMP compliance check 
and the stream habitat assessment. 
The four levels of impact 
recommended by EPA were rede-
fined into two impact levels, 
• 
u n i m p a c t e d  v e r s u s  i m p a c t e d ,  t o  
d e s c r i b e  t h e  o b s e r v e d  f i e l d  c o n d i -
t i o n s  m o r e  a c c u r a t e l y .  I m p a c t e d  
s t r e a m  h a b i t a t  w a s  e v i d e n t  w h e n  
t h e  s t r e a m  h a b i t a t  a s s e s s m e n t  f o r  
t h e  d o w n s t r e a m  s i t e  w a s  l e s s  t h a n  
7 7 %  o f  t h e  r e f e r e n c e  s i t e ' s  s c o r e .  
C o n v e r s e l y ,  s t r e a m  h a b i t a t  i m p a c t s  
w e r e  n o t  c o n s i d e r e d  s i g n i f i c a n t  i f  
d o w n s t r e a m  s t a t i o n s  w e r e  r a t e d  a s  
g r e a t e r  t h a n  o r  e q u a l  t o  7 7 %  o f  t h e  
r e f e r e n c e  c o n d i t i o n s .  U s i n g  t h i s  
c r i t e r i o n ,  B M P  c o m p l i a n c e  w a s  
8 8 . 2 %  f o r  s i t e s  w i t h  u n i m p a c t e d  
s t r e a m  h a b i t a t s  a n d  w a s  2 0 . 0 %  f o r  
s i t e s  w i t h  i m p a c t e d  s t r e a m  h a b i -
t a t s .  C o n s i d e r i n g  t w o  l e v e l s  o f  
s t r e a m  h a b i t a t  i m p a c t s  a n d  B M P  
c o m p l i a n c e  o n  a  p a s s / f a i l  b a s i s ,  
c h i - s q u a r e  a n a l y s i s  i n d i c a t e d  a  
h i g h l y  s i g n i f i c a n t  r e l a t i o n s h i p .  
' B e n t h i c  M a c r o i n v e r t e b r a t e  
B i o a s s e s s m e n t '  
T h e  b e n t h i c  m a c r o -
i n v e r t e b r a t e  b i o a s s e s s m e n t s  f o r  t h e  
2 7  m o n i t o r e d  s i t e s  r a n g e d  f r o m  
n o n - i m p a i r e d  t o  m o d e r a t e l y  
i m p a i r e d  c o n d i t i o n s  u s i n g  E P A ' s  
c r i t e r i a .  T h i r t e e n  s i t e s  w e r e  
c l a s s i f i e d  a s  n o n - i m p a i r e d  w i t h  
a n o t h e r  1 3  s i t e s  r a t e d  a s  o n l y  
s l i g h t l y  i m p a i r e d .  O n l y  o n e  s i t e  
w a s  c l a s s i f i e d  a s  m o d e r a t e l y  
i m p a i r e d .  T w e n t y  o f  2 7  s i t e s  h a d  
u p s t r e a m  r e f e r e n c e  s i t e s  a v a i l a b l e .  
F o u r  s i t e s  w e r e  c o m p a r e d  t o  s i n g l e  
r e g i o n a l  r e f e r e n c e  s t r e a m s ,  a n d  
t h r e e  s i t e s  w e r e  c o m p a r e d  t o  
m u l t i p l e  r e g i o n a l  r e f e r e n c e  
s t r e a m s .  Downstr~am s i t e s  r a n g e d  
f r o m  3 8 . 1 %  t o  1 0 0 . 0 %  o f  r e f e r e n c e  
c o n d i t i o n s .  
T h e  m a c r o i n v e r t e b r a t e  
s a m p l e  s i z e s  w e r e  s u f f i c i e n t  t o  
e v a l u a t e  t h e  s t r e a m  i m p a c t s  a c c u -
r a t e l y .  T h e  n u m b e r  o f  o r g a n i s m s  
p e r  s a m p l e  f o r  o n e  m a n - h o u r  o f  
c o l l e c t i o n  t i m e  a v e r a g e d  1 5 6  f o r  
d o w n s t r e a m  s i t e s  a n d  1 6 5  f o r  
r e f e r e n c e  s i t e s .  S i n c e  f i r s t - t o  
f o u r t h - o r d e r  p e r e n n i a l  s t r e a m s  
w e r e  s a m p l e d ,  t h e  s m a l l e s t  f i r s t -
a n d  s e c o n d  - o r d e r  f o r e s t e d  s t r e a m s  
w e r e  t y p i c a l l y  l o w  i n  t a x a  r i c h n e s s  
regardless of BMP compliance. 
The majority of the 57 samples 
were of sufficient size to meet 
EPA's sample size criteria. Only 
13 samples (23%) contained less 
than the desired 100 organisms. 
The seven metrics used in 
the bioassessment were, collec-
tively, sensitive to varying levels of 
impact to macroinvertebrate com-
munity structure. On the majority 
of the sites that were rated as non-
impaired, minor impacts were 
observed on only one metric or 
none at all. However, on the 
majority of sites rated with some 
level of impairment, a minimum of 
four metrics were observed to be 
impacted. The four metrics that 
were the most consistently associ-
ated with impacts observed in this 
study were: (1) the per cent contri-
bution of the dominant taxon, (2) 
the ratio of shredders to the total 
sample size, (3) the EPT index, and 
(4) the ratio of scrapers to filtering 
collectors. Two of these four 
criteria (the ratio of shredders to 
the total sample size and the ratio 
of scrapers to filtering collectors) 
reflected changes in the insect 
functional feeding groups. 
Sites which scored well on 
the benthic macroinvertebrate 
bioassessment tended to score well 
on the BMP compliance check. 
Non-impaired sites averaged 
84.6% BMP compliance versus 
46.2% compliance for slightly 
impaired sites. The single site 
rated as having moderate impair-
ment rated inadequate on the BMP 
compliance check. Statistical 
analysis confirmed the relationship 
between the bioassessment and the 
BMP compliance check. 
The four levels of impact 
recommended by EPA were rede-
fined into two impact levels, non-
impaired versus impaired, to , 
describe the observed field condi-
tions more accurately. Only one 
site was rated as moderately im-
paired, and no site was severely 
impaired by the logging operation. 
Using 75% of reference conditions 
as the break-point between im-
paired and non-impaired ratings, 
16 of the 27 sites were rated as 
non-impaired and 11 sites as 
impaired. BMP compliance was 
87.5% and 27.3% for non-impaired 
and impaired sites, respectively. A 
highly significant relationship was 
statistically demonstrated between 
the benthic macroinvertebrate 
bioassessment and the BMP com-
pliance check. 
.. 
T h e  t h r e e  t e c h n i q u e s  f o r  e v a l u a t i n g  B M P  e f f e c t i v e n e s s  r e s u l t e d  i n  
s i m i l a r  w a t e r  q u a l i t y  a s s e s s m e n t s  o n  t h e  m a j o r i t y  o f  t h e  s i t e s .  
E a c h  P o i n t  R e p r e s e n t s  t h e  B M P  
C o m p l i a n c e  R a t i n a  f o r  a  S i t e  
E x c e l l e n t / A d e q u a t e  S i t e s =  G r e e n  
I n a d e q u a t e  S i t e s =  R e d  
'Weight-of-the-Evidence 
Approach' 
The stream habitat assess-
ment and the benthic 
macroinvertebrate bioassessment 
resulted in comparable impact 
assessments for the majority of the 
27 streams that were evaluated. 
However, the stream habitat 
assessment tended to be more 
discriminatory with sites being 
rated over the entire range of 
impact assessments. 
The stream habitat assess-
ment and the benthic 
macroinvertebrate bioassessment 
also generally agreed with the 
indirect measure of effectiveness, 
the BMP compliance rating. Sites 
with BMP compliance ratings of 
excellent and adequate generally 
showed no impact on either the 
stream habitat or the benthic 
macroinvertebrate community 
structure. However, inadequate 
sites showed a slight level of 
impact on the benthic 
macroinvertebrate bioassessment 
and a moderate to severe impact 
on the stream habitat assessment. 
Although in general agreement on 
the level of BMP effectiveness, the 
three approaches differed in the 
assessment of four sites when 
comparing the BMP compliance 
check to the stream habitat assess-
ment and of five sites when com-
paring the BMP compliance check 
to the benthic macroinvertebrate 
bioassessment. Three sites that 
were rated inadequate by the BMP 
compliance check passed either the 
benthic macroinvertebrate 
bioassessment or the stream habi-
tat assessment. One site that rated 
adequate by the BMP compliance 
check failed both of the direct 
measures of effectiveness. Also, 
one site which rated an excellent 
by the BMP compliance check was 
rated non-impacted by the 
bioassessment, but was rated 
impacted by the stream habitat 
assessment. 
A weight-of-the-evidence 
approach was taken to determine 
the definitive "verdict" for site 
evaluation. The verdict as well as 
each of the three effectiveness 
measures was evaluated on a pass 
or fail basis. For 26 of the 27 sites, 
the verdict was in agreement with 
two or more of the three assess-
ment measures. Only on one site 
did the verdict differ from a con-
clusion based solely on the major-
ity ruling of the three effectiveness 
techniques. This site was found to 
be inadequate because of a poorly 
designed road stream crossing. 
W h e n  t h e  s t r e a m  c r o s s i n g  f a i l e d  
d u r i n g  a  s t o r m  e v e n t ,  t h e  s e d i m e n t  
e v i d e n t l y  w a s  d i s p e r s e d  f a r  b e -
y o n d  t h e  s i t e  b o u n d a r y .  I n  t h i s  
c a s e ,  t h e  s i t e ' s  v e r d i c t  a g r e e d  w i t h  
t h e  B M P  c o m p l i a n c e  c h e c k  r a t h e r  
t h a n  t h e  s t r e a m  h a b i t a t  a s s e s s m e n t  
a n d  b e n t h i c  m a c r o i n v e r t e b r a t e  
b i o a s s e s s m e n t .  T w o  s i t e s  w e r e  
r e v i s i t e d  t o  r e - e v a l u a t e  B M P  e f f e c -
t i v e n e s s  w h e r e  d i f f i c u l t y  e x i s t e d  i n  
a r r i v i n g  a t  t h e  o v e r a l l  v e r d i c t .  
T h e  a c c u r a c y  o f  e a c h  o f  t h e  
t h r e e  B M P  e f f e c t i v e n e s s  m e a s u r e s  
w a s  d e t e r m i n e d  b y  c o m p a r i n g  
e a c h  t e c h n i q u e ' s  a s s e s s m e n t  w i t h  
t h e  o v e r a l l  v e r d i c t .  T h e  i n d i r e c t  
m e a s u r e  o f  e f f e c t i v e n e s s ,  t h e  B M P  
c o m p l i a n c e  c h e c k ,  w a s  t h e  m o s t  
r e l i a b l e  e f f e c t i v e n e s s  m e a s u r e ,  
s c o r i n g  9 6 . 3 %  i n  a c c u r a c y .  T h e  
s t r e a m  h a b i t a t  a s s e s s m e n t  a n d  t h e  
b e n t h i c  m a c r o i n v e r t e b r a t e  
b i o a s s e s s m e n t  a c h i e v e d  s i m i l a r  
a c c u r a c y  r a t i n g s ,  8 8 . 9 %  a n d  8 5 . 2 % ,  
r e s p e c t i v e l y .  N o  i n d i v i d u a l  e f f e c -
t i v e n e s s  m e a s u r e  r e s u l t e d  i n  c o m -
p l e t e  a c c u r a c y  i n  e v a l u a t i n g  t h e  
l e v e l  o f  i m p a c t  r e s u l t i n g  f r o m  
l o g g i n g  o p e r a t i o n s  o n  t h e  2 7  s i t e s .  
H i g h e s t  a c c u r a c y  w a s  a t t a i n e d  b y  
u s i n g  a l l  t h r e e  t e c h n i q u e s  a n d  b y  
r e - e v a l u a t i n g  s i t e s  w h e r e  d i s c r e p -
a n c i e s  e x i s t e d .  
W e i g h t  o f  t h e  E v i d e n c e  A p p r o a c h  
S i t e #  
B M P  C o m p l i a n c e  H a b i t a t  A s s e s s .  B i o a s s e s s m e n t  V e r d i c t  
C h e c k  
1 - 2  +  +  +  +  
1 . S  +  +  +  +  
1 - 1 2  
1 - 1 4  
+  
+  +  +  
4 - 4  +  +  +  +  
4 - 1 3  +  +  
+  +  
4 - 1 5  +  +  
+  +  
4 - 2 2  +  +  +  
+  
4 - 2 5  +  +  
~ 
+  
4 - 3 0  +  +  +  +  
4 - 3 1  +  +  +  
~ 
+  
=  
+  +  
-
4 - 3 8  
~ 
: ! :  
4 - 3 9  
+  
+  +  
+  
4 - 4 0  
6 - 1  
t  
5 - 0  
+  +  
+  +  
6 - 1 9  
~ 
6 - 3  
+  
+  +  
+  
6 - 4  +  
6 - 5  
+  +  
+  
+  
S - 8  
6 - 1 1  
7 - 3  
+  +  
+  
7 - 7  
7 - 1 7  
7 - 2 6  
A  v e r d i c t  w a s  r e a c h e d  b a s e d  o n  t h e  w e i g h t - o f - t h e - e v i d e n c e .  D i s a g r e e m e n t s  
w i t h  t h e  v e r d i c t  ( h i g h l i g h t e d  b l o c k s )  w e r e  u s e d  t o  c a l c u l a t e  t h e  a c c u r a c y  o f  
e a c h  m e t h o d .  
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CONCLUSIONS 
This study demonstrated that on sites with perennial streams, 
BMP effectiveness can be assessed with reasonable accuracy by using a 
weight-of-the-evidence approach consisting of a BMP compliance check, a 
stream habitat assessment, and a benthic macroinvertebrate 
bioassessment. For the 27 study sites, implementation of silvicultural 
BMPs during harvesting operations was sufficient for the protection of 
the water quality of associated streams based on two direct measures of 
water quality. A weight-of-the-evidence approach should be considered by 
state and federal forestry and water quality agencies as an effective tech-
nique for assessing BMP effectiveness. On sites without perennial 
streams or on sites with streams that are already impacted by other land 
uses, BMP compliance monitoring by qualified professionals should be 
accepted as a reliable technique since this indirect technique was just as 
accurate in evaluating BMP effectiveness as the two direct assessment 
techniques. 
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